Recent research has found that price momentum and trading volume appear to predict subsequent stock returns in the U.S. market and that they seem to do so in a nonlinear fashion. Specifically, the effect of momentum appears more pronounced among high-volume stocks than among low-volume stocks. This effect would suggest the existence of an exploitable deviation from market efficiency. We argue that this phenomenon is a result of the underreaction of investors to earnings news-an effect that is most pronounced for high-growth companies. We show that, after earningsrelated news and a stock's growth rate have been controlled for, the interaction between momentum and volume largely disappears. ecent research (Lee and Swaminathan 2000) found that momentum and trading volume appear to predict subsequent returns in the U.S. equity market and that they seem to do so in a nonlinear fashion. Specifically, the effect of momentum appears more pronounced among high-volume stocks than among low-volume stocks. This effect suggests the existence of a predictable deviation from market efficiency. Furthermore, because both volume and momentum are standard tools of technical analysis, these findings also suggest that investors can use technical analysis to earn abnormal profits.
We also found a momentum-volume effect in the research reported here. We propose a different explanation from that of Lee and Swaminathan, however-an explanation based on investor reaction to news about company fundamentals. First, we argue that news about a company's earnings often creates volume and a change in stock price (i.e., price momentum). Furthermore, news creates greater volume and greater momentum for growth stocks. Second, investor overconfidence delays some of the reaction because investors are slow to adjust their beliefs. Just as the initial reaction is greater for growth stocks, the delayed reaction also is greater for growth stocks. This nonlinear reaction to earnings news by stocks with different growth rates creates the nonlinearities in the momentum-volume effect. In short, we believe that the momentumvolume interaction is explainable as a delayed reaction to news about company fundamentals.
We begin with reporting the result we found from replicating earlier findings that suggested a momentum-volume interaction. We then offer our alternative explanation and provide various tests of the two hypotheses. Distinguishing between such closely related hypotheses is difficult. We believe our case is persuasive, but we leave it to readers to decide between the two.
Data
For the study we report, our sample consisted of stocks of the largest 1,500 publicly traded companies in the United States each quarter between 1981 and 1998. The sample starts in 1981 because that was the year I/B/E/S International began reporting long-term expected earnings growth.
1 For a stock to be included in our sample, we required that a long-term earnings growth forecast be available and that the stock have return and volume data for at least one year prior to portfolio formation. The result was 91,356 total observations, or an average 1,324 observations a quarter. We formed portfolios at the end of each quarter on the basis of data (e.g., expected earnings growth) available at that time.
2
We defined "average monthly trading volume" as the average of the monthly trading volume over the year preceding portfolio formation. Monthly trading volume is the total number of shares traded each month as a percentage of the total number of shares outstanding at the end of the month. We obtained monthly volume and return data from FactSet Data Systems. We adjusted the data for stock splits. We defined excess return as the difference between a stock's return in any quarter and the equal-weighted average return of all stocks in the sample in that quarter.
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Momentum-Volume Interaction
The quarterly data on U.S. stocks for 1981-1998, reported in Table 1 , are consistent with the momentum-volume interaction found by previous research. Table 1 ranks stocks independently on both price momentum and average monthly trading volume and reports the average excess returns of stocks in each momentum-volume quintile. The average excess return for any momentum-volume portfolio is simply the equal-weighted average of excess returns of all the stocks in the portfolio. As in the momentum-related studies of Lee and Swaminathan and others (Jegadeesh and Titman 1993; Rouwenhorst 1998 ), we used a one-year ranking interval and measured excess returns over the subsequent quarter. The rightmost column in Table 1 shows that stocks in the highest-momentum quintile outperformed the average stock by 1.09 percentage points in the ensuing quarter whereas stocks in the lowest-momentum quintile subsequently lagged the average stock by 1.24 pps. Table 1 also shows that volume is related to future returns. Although the relationship is not monotonic, the bottom row in Table 1 shows that overall trading volume was negatively correlated with subsequent stock returns in the 1981-98 period.
More important than trading volume and momentum individually, however, is the interaction between them. Simply put, most of the payoff from momentum investing in this period came from high-volume stocks. Table 1 shows that for stocks in the highest-volume quintile, the difference in excess return between the lowest-and highestmomentum stocks is 3.41 pps. Conversely, the return spread for momentum is only 1.08 pps for stocks in the lowest-volume quintile. 3 This disparity is easier to see in Figure 1 , which depicts graphically the results shown in Table 1 . Each vertical panel in Figure 1 represents a volume quintile. Within each panel is a plot of quarterly excess return against past momentum; the top circles identify the highestmomentum group, and the bottom circles, the lowest-momentum group. The lengthening of the line from the left panel to the right in Figure 1 shows that the momentum effect becomes more pronounced at higher levels of volume-largely because negative momentum is particularly strong for stocks with high trading volumes. One of the possible explanations of these results, discussed in Lee and Swaminathan, is the "momentum life cycle" hypothesis. According to this hypothesis, stocks cycle sequentially through intervals of glamour and neglect, with high trading volume during periods of glamour and low trading volume during periods of neglect. For example, high-volume stocks with low momentum are considered to be in the early stages of a move from glamour to neglect and thus have lower subsequent returns than low-volume, low-momentum stocks, which are considered to be near the end of a period of neglect. The momentum life-cycle hypothesis is similar to the "earnings expectation" hypothesis postulated by Bernstein (1993) .
Although the momentum life-cycle hypothesis can explain some of the empirical results, we found it to be unsatisfactory and believe trading volume per se should not convey any information. In the next section, we present an alternative hypothesis for what we think is behind the interaction between momentum and volume.
Delayed Reaction to Fundamental News
The first part of our explanation relies on wellknown empirical research that has found a delayed reaction on the part of investors to earnings information. Latane and Jones (1979) and Bernard and Thomas (1989, 1990) showed that stock prices do not fully reflect the information in earnings announcements. Several other studies have found a similar delayed reaction to other public information (Desai and Jain 1997; Ikenberry, Lakonishok, and Vermaelen 1995; Womack 1996.) This partially delayed reaction to fundamental news is consistent with the theoretical arguments of Daniel, Hirshleifer, and Subrahmanyam (1998) , as well as of Scott, Stumpp, and Xu (1999) . Daniel et al. argued that the delay is caused by the influence of investors who are overconfident in their own predictions and, as a result, are overly slow in adjusting to new information.
The second part of our explanation is that earnings-related information should have a greater impact on the valuation of more rapidly growing stocks because the more rapidly a stock grows, the more its valuation depends on estimates of the speed and profitability of its growth. 4 Information that causes changes in those estimates will have dramatic effects on valuation. 5 The price reaction is greater for such companies at the time of the information release and also in the delayed response. Earnings news in one quarter, for example, results in volume and momentum change in that quarter, and the effect is greatest on growth stocks. In the next quarter, a second, delayed reaction to the news of the previous quarter occurs, and this reaction also affects growth stocks the most. We believe this nonlinear reaction to information explains most, if Volume ©2003, AIMR ® not all, of the momentum-volume interaction effect documented by Lee and Swaminathan. Table 2 contains data on quarterly excess returns that are consistent with our hypothesis. The table presents next quarter's stock returns as they relate to this quarter's earnings news and the company's expected long-term earnings growth rates from I/B/E/S. We used estimates available at the time of portfolio formation to group stocks. Our measure of earnings news was the proportion of security analysts revising earnings forecasts upward. To be consistent with the measurement of trading volume and momentum in Table 1 , revision activity was calculated over the one-year interval prior to portfolio formation. We subtracted the total number of downward revisions from the total number of upward revisions over the previous year and then divided by the number of earnings forecasts at the end of the year. The resulting measure is essentially the number of times the average analyst revised a forecast upward (downward if the figure is negative) over the one-year period. For example, suppose that a stock was followed by five analysts and over the prior year, each of them changed his or her earnings estimate upward four times and downward twice. Then, the total net number of upward revisions would be 10 and, when divided by the number of analysts, the resulting measure of news would be 2.
We separated stocks into five categories on the basis of this measure of news. If this measure was 2 or larger, we categorized the stock as having "very good" news. If this measure was between 1 and 2, we defined the news as "good." "Bad" and "very bad" news were defined similarly. Because analysts tend to revise their forecasts downward, we had substantially more observations in the negative-news categories than in the positive-news categories.
The results in Table 2 show a delayed reaction to earnings news that increases as growth rates increase. Like the momentum-volume effect, this relationship is nonlinear; the delayed effect of earnings news is strongest for growth stocks. Visually, the relationships in Figure 2 are very similar to those in Figure 1 . To gain further insight into the competing hypotheses, we investigated the effect of earnings news and expected growth rates on volume and momentum.
News, Growth, and the Momentum-Volume Effect
How is the momentum-volume effect related to growth and news? To begin to answer this question, we started by looking at what happened if we replaced volume by growth in Table 1 . We wanted to know whether there is a momentum-growth interaction that resembles the momentum-volume interaction. Table 3 is identical to Table 1 except that growth has replaced volume. We divided stocks into different quintiles with respect to both prior momentum and growth. Table 3 indicates that, just as we found a momentum-volume interaction, we found a momentum-growth interaction. In fact, the momentum-growth interaction appears to be the somewhat stronger effect. Comparing Tables 1 and  3 suggests that stocks in the highest-growth quintile display a stronger momentum effect than stocks in the highest-volume quintile. Table 4 reveals the effect of news and momentum on subsequent performance. Not surprisingly, most of the observations in this table lie on or close to the diagonal. In other words, most stocks that suffered bad news in the past experienced negative momentum and good-news stocks had positive momentum. This relationship strongly suggests that momentum may be largely a surrogate for news about future earnings.
Furthermore, the impact of news on subsequent performance appears to be slightly stronger than the impact of momentum. In our sample, very bad news always resulted in significantly negative subsequent performance whereas very low momentum did not. In addition, regardless of momentum, stocks with very good news had subsequent returns that were either significantly positive or insignificantly different from zero, which was not the case for momentum. These results, which suggest that a substantial portion of the momentum effect can be explained as investors' delayed reaction to news, are consistent with those found by Chan, Jegadeesh, and Lakonishok (1996) .
Our measure of news does not, however, explain all of the momentum effect. For example, in the Neutral column, the average excess return in the subsequent quarter increases monotonically from the lowest-to the highest-momentum quintile. As discussed in Chan et al., this apparently independent momentum effect is likely to be caused by underreaction to news that is not captured in our measure of earnings estimate revisions.
The results in Tables 3 and 4 suggest that the momentum-volume interaction in Table 1 may be explainable by the effects of news and growth on the momentum effect. To test this hypothesis, we examined more closely how trading volume is related to growth and news. 
News, Growth, and Volume
Trading should take place because investors need liquidity or have received new information. 6 The primary catalyst for the second type of trading should be an event that alters the rate at which rational investors discount the future or, more importantly, news relating to future profitability. Figure 3 indicates the dependence of trading volume on growth and earnings news. We used analysts' earnings revisions as a proxy for news and used analysts' forecasts of future growth as a proxy for growth. Figure 3 shows that both growth and news have a significant effect on volume. As one would expect, the more important (more extreme) the news and the higher the growth rate, the higher the volume. The relationship is also strongly nonlinear. The effect of news on volume appears to be particularly pronounced for rapidly growing stocks.
Because our measure of news was net upward revisions as a percentage of the total number of forecasts and could be either positive or negative, the relationship between trading volume and this news measure in Figure 3 is U-shaped. Intuitively, however, trading volume should be better explained by the total number of revisions than by downward or upward revisions. For instance, a stock in the "neutral" news category may have had a lot of both upward and downward revisions over the year and would thus be likely to have had high trading volume. Therefore, we examined the relationship between trading volume and an alternative measure of news based on the total (not net) number of revisions. As expected, we found that trading volume increased monotonically with the total revision activity in each growth category. 7
Relative Importance of Volume
Does volume matter even after growth and news are controlled for? The results shown in Figure 3 are strong, but finding that important news and high growth lead to high volume is not surprising. The more interesting question is whether expected growth rate and news, two fundamental variables, explain the momentum-volume effect.
We started by calculating "residual" volume for each stock, where residual volume equals the difference between a stock's actual trading volume and the average volume for each point plotted in Figure 3 . Simply put, residual volume controls for the average amount of trading for stocks with similar revisions and similar rates of growth. We did Slow Growth ©2003, AIMR ® this calculation for each quarter in the sample period, thereby normalizing volume for the type of stock and amount of news. We then replicated the analysis in Table 1 but replaced absolute trading volume with this measure of residual volume. The results, reported in Table 5 , demonstrate that the interactions among volume, momentum, and subsequent returns disappear when volume is controlled for news and growth. The spread in excess returns between the high-and lowmomentum quintiles now varies randomly across columns (i.e., across residual volume ranks). Table 6 presents results from cross-sectional regressions of quarterly excess returns of individual stocks on volume and momentum. To facilitate a comparison, we ran two regressions. The first row shows results when price momentum and unadjusted average monthly trading volume were the independent variables; the second row shows results when price momentum and residual trading volume adjusted for earnings growth and news were the independent variables. In both regressions, the dependent variable was the excess return of individual stocks in the quarter after they were ranked on one-year price momentum and trading volume. The independent variables were quintile ranks of momentum and volume, which were assigned integer values of 0 through 4. To test the statistical significance of the interaction effect between momentum and volume (that is, to test whether the momentum effect varied with different levels of volume), we included an interaction term, namely, the product of the momentum and volume ranks.
Consistent with the results shown in Table 1 , the first row of Table 6 shows a strong positive interaction effect between momentum and trading volume when trading volume was not adjusted for earnings growth and news. The coefficient on the interaction term, 0.13, is positive and statistically significant. The coefficient for the momentum rank, 0.26, implies that the momentum effect for the lowest-volume quintile is about half the momentum effect for the average-volume quintile and a third that for the highest-volume quintile. The second row shows that the interaction effect between momentum and volume completely vanishes when residual volume (which was adjusted for growth and news) was used in the regression. This finding is consistent with the data in Table  5 . These results suggest that the interaction between news and earnings growth explains the momentum-volume effect. 8 Finally, the coefficient for trading volume in the first row is negative and significant. The reason is that trading volume is correlated with earnings growth and slow-growth stocks tended to outperform fast-growth stocks in the period studied (see Lakonishok, Shleifer, and Vishny 1994) . As shown in the second row, when trading volume was adjusted for growth, the coefficient for volume became no longer significant.
Conclusions
Our evidence suggests that once the company's growth rate is controlled for, the momentumvolume effect is largely explainable by news. That is, the apparent deviation from market efficiency that has been dubbed the momentum-volume effect should be considered a delayed reaction by investors to fundamental news, not a technical trading rule driven by volume or momentum.
Notes
1. The I/B/E/S forecasts are three-to five-year earnings growth forecasts made by sell-side security analysts. 2. The sample includes companies that were delisted, went bankrupt, or merged after the quarter under investigation; a small fraction, 0.8 percent, of the observations were eliminated from the sample because they did not have a return in the quarter following portfolio formation. This circumstance raises the possibility of survivorship affecting the results. Although survivorship may have influenced our findings, the impact is likely to be small because of the small number of excluded companies and our use of equal weighting. Only two companies were dropped because they went bankrupt-too few to affect our results. Most of the deletions from the study were the result of missing returns and were companies involved in mergers in the quarter following portfolio formation. A majority of them fell in the high-momentum/high-volume category in the period preceding portfolio formation (the rest were distributed evenly among the quintiles). Although we have no reason to believe that returns would be especially unusual for these stocks, a merger-related "bounce" in the missing quarter would strengthen our conclusions. Note that we lost only the terminal quarters of bankruptcies and mergers; they were included in prior quarters, when these (pending) events were also likely to elicit strong price responses. Finally, we also examined whether the exclusion of small stocks from the sample might skew our results. We broke the sample in half by market capitalization and recompiled the tables. Results for the large-cap sample and for the sample containing mid-sized and small-cap stocks were similar. Although very-small-cap stocks might exhibit a different result, we believe that the results shown are probably robust to variations in company size. 3. Lee and Swaminathan examined the momentum-volume interaction effect for various subperiods from 1965 through 1995. They found that for the 1985-95 period, high-momentum stocks with high volume (measured over the preceding six months) tended to subsequently outperform high-momentum stocks with low volume. They also showed that the opposite held for earlier time periods. As we show later in this article, volume is a proxy for growth. Thus, the difference in results reported by Lee and Swaminathan for different periods may have been driven by the relative performance of slow-growth stocks (many of which can be characterized as "value stocks") versus fastgrowth stocks. In the periods prior to 1985, growth stocks underperformed value stocks, whereas the opposite tended to hold in the late 1990s. 4. In 1961, Miller and Modigliani made a distinction between companies that are "expanding" and companies that are "growing." Expanding companies simply get larger, whereas growing companies get larger profitably. In other words, expanding companies get larger by accepting projects that have net present values of zero; growing companies grow by accepting projects with positive NPVs. We do not make this distinction here: Whether the company's expansion is profitable or not, it is growing in our terminology. Technically, our theory is based on different expansion rates. 5. A simple growth-stock formula makes this point: If stock price equals d/(r -g), where d is next period's expected dividend, r is the cost of equity, and g is the expected rate of growth of dividends per share, any change in g can have dramatic effects on valuation (see Scott et al. for a fuller discussion). 6. See Harris and Raviv (1993) and Kandel and Pearson (1995) for a discussion of information effects. 7. These results are not reported here. We chose to report the results found when we used net upward revision in order to be consistent with the news measure in Tables 2 and 4 . The choice of news measure had virtually no effect on the results in the next section. 8. Because news appears to predict future performance, our empirical results raise the possibility that investors could pursue a profitable revisions-based trading strategy. We are aware of practitioners pursuing both volume-and revisionsbased trading strategies, but simulating a revisions-based strategy and testing whether it could outperform a volumebased approach is beyond our intent in this article.
